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Summary ______________________________________________________________ __ 

Almost all formulae for the prediction of total body water (TBW) from body 
impedance are based on the assumption of a constant conductor configuration - i.e. 
a constant subject section. In this paper we report on data obtained for a group of 19 
young obese subjects (relative weight> 120%) and 10 young normal subjects (relative 
weight 80-110%). In obese subjects, the application of two different formulae 
generated from normal children gave biased results and led to an underestimation of 
TBW with respect to the reference value obtained by deuterium oxide dilution. Body 
mass index accounted for more than 40% of the inter-individual variability, 
suggesting that body size was not taken sufficiently into consideration by the 
predictive formulae used. We have used the body surface area as the 
anthropometrical parameter for the prediction of TBW from body impedance. The 
regression formula that we propose (TBW = 1.156 x (surface area/body impedance) 
- 2.356; R=0.96), although requiring further validation on external populations, 
seems to provide a more realistic assessment of TBW in young obese SUbjects. We 
therefore suggest that the assessment of TBW in young obese subjects requires 
specifically designed prediction formulae. 
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Introduction 

The prediction of total body water (TBW) and 
possibly the fat free mass from bioelectrical 
impedance (BI) has been extensively validated in 
both adult and pediatric populations'-3 and is 
now used as an alternative to isotopic dilution 
techniques, which are difficult in field conditions 
and require expensive instrumentation for iso
tope enrichment analysis. 

ration, its cross-sectional area and signal fre
quency. At a constant frequency, and assuming 
a constant conductor configuration, the bio
electrical impedance (or resistance) to the flow of 
current can be related to the volume of the 
conductor, following the formula: 4 

The prediction of TBW from bioelectrical 
impedance measurements is based on the prin
ciple that the impedance of a geometrical system 
is related to the conductor length and configu-
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Volume=a x length2/impedance + b 

The two terms, impedance and resistance, are 
considered equivalent here. This is due to the 
mathematical relationship between impedance 
and resistance and to the assumption that the 
reactance is irrelevant in comparison to the im
pedance at the frequency and current of the 
instrument.3 

On this basis, a number of predictive formulae 
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have been generated for adult and pediatric 
populations by regressing the impedance against 
total body water (or the fat free mass) obtained 
by classical methods.3 If we focus attention on 
the statement 'Assuming a constant conductor 
configuration' we could point out that the use of 
predictive formulae could not apply to obese 
subjects who probably present a body shape 
(body cross-sectional area) significantly different 
from the normal population. Thus, the reliable 
use of BI in young obese subjects probably 
requires further validation, since one of the basic 
assumptions from which predictive formulae 
have been generated could be violated. 

In this paper we present the data from a study 
conducted on a group of young subjects classified 
as obese, and on a group of normal young 
subjects. TBW was estimated by means of deu
terium oxide dilution technique and by BI. 

Materials and methods 

Nineteen subjects (nine boys and ten girls) were 
classified as obese on the basis of two parameters 
as suggested by Paige5 i.e. weight/height ~ 90 
percentile and relative body weight> 120%. Ten 
subjects (seven boys and three girls) classifiable 
as normal (i.e. relative weight 80-110%) were 
also included in the study as a control group. 

The subjects in fasting conditions received 
orally a dose of deuterium oxide calculated on 
the basis of body weight to increase the enrich
ment by 300 ppm. This is an increase relative to 
standard mean ocean water (V -SMOW) of about 
1000 0 units. 

The experimental protocol required the fast
ing subject to void the bladder before drinking 
the dose, to wait at least three hours, then void 
the bladder again. This second sample urine 
of was considered 'contaminated' by pre
equilibration urines and not used for the analy
sis. The subsequent urination, which was usually 
obtained about 30 minutes from the previous 
one, was considered representative of the equi
librium and used for spectrometrical analysis. 
Pre-dose and post-equilibration isotope enrich
ments were measured in sublimated urine by 
FT-IR spectrophotometry as described by 
Lukaski and Johnson6 with minor modification. 
Dilution space (g) was calculated using the fol
lowing formula: 

g=[T(g) x D(g)/A(g)] x (Ea - Et)/(Es - Ep) 

where T is the amount of tap water used to dilute 
an aliquot A of the administered dose; D is the 
amount of adminstered dose; Ea , E t • Es and Ep 
are the enrichments (in 0 m units) of the admin-
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istered dose, tap water, post-dose and pre-dose 
urine sample respectively. 

TBW was calculated as the dilution space 
divided by 1.03. This factor has been deter
mined on the basis of theoretical calculations 
regarding the amount of exchangeable hydrogen 
available during equilibration and on the basis 
of comparison between desiccation and dilution 
spaces in animals. 7 

On the same day as the isotope load (during 
the equilibration time) the subjects underwent 
measurement of body impedance at 800J.l A and 
50 KHz (Human-ImCID

, Dietosystem, Milan, 
Italy) on the right side of the body as described 
by Lukaski et at. 8 Body impedance was con
verted to TBW using two different formulae 
which take into account impedance and height 
and impedance, height and weight of subject 
respectively: 

(i) as reported by Davies et at.9 for the predic
tion of TBW in young subjects: 

TBW(l) =0.6 x (height2limpedance) - 0.5 
(ii) as described by the manufacturer (Dieto

system, Milan, Italy) for pediatric purposes: 
TBW(I)=0.75 x (height2/impedance) 
- 0.062 x weight 

Anthropometric measurements, including 
waist, hip and thigh circumferences, skinfold 
thickness at the biceps, triceps, sub-scapu
lar and supra-iliac sites, were measured by a 
trained operator following the directions of 
the Anthropometric Standardization Reference 
Manuat. 'o 

The experimental protocol was approved by 
the Ethical Committee of San Raffaele Hospital 
(Milan). The informed consent of the subjects' 
families was obtained. 

Statistical analysis (mean, standard deviation, 
correlation, linear regression, mean t test, 
ANOVA) was performed using a StatviewCID pack
age for the MacintoshCID Pc. 

Results and discussion 

The mean (± s.d.) and the range for body weight 
and height, the relative weight, the impedance 
and the total body water from deuterium oxide 
dilution, of both obese and control subjects, are 
given in Table I. The mean age is similar to that 
reported by Davies et at.9 while body weight of 
obese subjects is significantly higher. The rela
tive weights (157.4 ± 23.7) of obese subjects 
indicate a body weight about 60% greater than 
the ideal weight for their height. TBW represents 
about 45% of body weight (45.0 ± 6.0%) of obese 
subjects. 
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Table I Mean ± s.d. (and range) of age. weight. height, relative weight, body mass index (BMI), TBW and 
impedance of the study subjects 

ohese (n= /9) control (n= /0) 

mean±s.d. range mean±s.d. range 

age (years) 
weight (kg) 
height (cm) 
relative weight 
BMI (kglm 2) 

TBW (I) 
impedance (n) 

12.1 ± I.S 
65.3± 15.S 

152.1 ± 12.S 
157.4±23.7 
27.4± 3.1 

S -15 
36.0 - 96.2 

125.7-179.2 

12.4± 1.7 
40.2± 10.S 

149.5± 10.9 
101.9 ± 11.9 

17.7 ±2.3 

9 - 15 
31.0 - 6S.0* 

136.1-173.4 
SO.7 - II 1. 7* 
14.3 - 22.6* 
19.5 - 32.7 
529 -710 

29.2±7.1 
592±56 

120 - 205 
21.0 - 32.9 
17.0 - 39.9 
490 - 692 

24.4 ± 4.4 
626±54 

* P < 0.001 liS. obese 

The control group shows age, height, TBW 
and impedance similar to those of the obese 
sub-sample. Height, BMI and relative weight are 
significantly lower than in the obese group 
(P < 0.001). In the control group TBW repre
sents about 60% of body weight (62.0 ± 9.2%) 
(P < 0.0001 vs. obese) 

Figure 1 shows the values of TBW predicted 
from BI utilizing the formula of Davies et al., 9 

plotted against the reference values obtained by 
deuterium oxide dilution. When applied to 
obese subjects (0), the formula of Davies et al.9 

is highly correlated with the reference values 
(r=0.93) but the values do not lie on the line of 
unity, indicating the presence of bias in the 
prediction. The mean of predicted values 
(23.5 ± 5.4) is significantly lower (P < 0.001 by 
ANOV A) than that obtained by deuterium oxide 
dilution (29.1 ±7.1) (see Table 2). 

When applied to normal subjects (e), the 
formula of Davies et al.9 provides values with a 
bias lower than in obese subjects, but the level of 
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Figure I TBW estimated from body impedance by 
the formula of Davies et al.l) against TBW obtained 
from deuterium oxide dilution in obese (0) and control 
(e) subjects. 

Table 2 Mean ± s.d. ofTBW, measured by deuterium 
oxide dilution and by BI using the formula of Davies 
et al.9 and the manufacturer's formula in obese and 
normal children 

TBW by deuterium oxide 
TBW by Davies et al. 9 

TBW by manufacturer 

obese normal 

29.1 ±7.1 
23.4± 5.4* 
26.4± 5.6* 

24.4±4.4 
21.2±3.7* 
24.7±4.2 

* ANOVA P <0.000 I from TBW by deuterium oxide 

correlation is also lower (r=0.89). Also, in the 
control group, the mean of values predicted from 
BI (21.2 ± 3.7) is significantly lower (P < 0.001 
by ANOV A) than that obtained by the deute
rium oxide dilution technique (24.4 ± 4.4) (see 
Table 2). 

Figure 2 shows individual values ofTBW pre
dicted from body impedance plotted against the 
reference TBW values obtained by deuterium 
oxide dilution, in obese and normal subjects. 
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Figure 2 "TBW estimated from body impedance 
(manufacturer's formula) against TBW obtained from 
deuterium oxide dilution in obese (0) and control (e) 
subjects. 
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Values were calculated utilizing the formula 
described by the manufacturer, which also in
cludes the weight of the subject. Using the 
manufacturer's formula, TBW values by BI and 
deuterium oxide dilution in of obese subjects are 
highly correlated (r=0.94) but values do not lie 
on the line of unity. The average value obtained 
from the impedance (26.4 ± 5.6) significantly 
underestimates (P< 0.00 I by ANOV A) the TBW 
of the sample of obese subjects with respect to 
the reference method (see Table 2). 

In the control group, the inclusion of body 
weight into the prediction formula significantly 
improves the estimate of TBW from BI, the 
mean value (24.7 ± 4.2) being not significantly 
different from that obtained by deuterium oxide 
dilution (see Table 2). Thus, the plot presents a 
quite large scatter of values and the level of 
correlation is lower than that obtained in obese 
subjects (r=0.88). 

Two points emerge from the results. Firstly, 
the formula of Davies el al.,9 generated from 
data obtained from a normal population and 
including the impedance only, is highly corre
lated with the reference method but seems to 
provide a biased estimate of TBW when applied 
to obese and normal young subjects. Secondly, 
the inclusion of body weight into the predictive 
formula significantly improves the agreement 
between the means of estimates using BI and 
deuterium oxide dilution in normal subjects, but 
does not produce a consistent improvement in 
obese subjects. With respect to deuterium oxide 
dilution technique, both Davies et al.9 and the 
manufacturer's formulae show very high corre
lation coefficients in obese subjects (r=0.93 and 
r=0.94 respectively) and rather low correlation 
coefficients in the control group (r=0.89 and 
r=0.88 respectively). 

The fact that the formula including body 
weight underestimates TBW of obese subjects 
seems to be entirely attributable to the obesity of 
the study population, since the utilization of the 
same formula on normal subjects leads to rea
sonable results (see Table 2). 

The construction of a formula on the basis of 
our own raw data, and including the same 
variables (i.e. height, weight and impedance), 
did not significantly improve the coefficient of 
correlation between TBW and the predicted 
value. The resulting formula from a multiple 
regression analysis is: TBW (1)=0.67 x (height21 
impedance) + 0.03 x weight + 0.13 (r=0.93; s.e.e 
=0.7 kg) 

As suggested by others,3.1 1.12 it is possible that 
the accurate assessment of body compartments 
from body impedance requires the utilization of 
group-specific regression equations, possibly in-
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cluding other variables. 
In order to explore the nature of the bias and 

the individual discrepancy in the prediction of 
TBW from body impedance in obese subjects 
using both the manufacturer's formula and the 
formula suggested by Davies et ai, we have 
plotted the residuals of the regressions against 
other variables related to body composition for 
body fatness (e.g. age, gender. single skin folds, 
the sum of skinfolds, body weight, waist to hip 
ratio, waist to thigh ratio, BMI etc.). 

None was found to be significantly associated 
with the residuals, with the exception of BMI 
which accounted for about 40% of the inter
individual variability of the prediction obtained 
from the manufacturer's formula and the for
mula suggested by Davies. 

The fact that a significant percentage of the 
inter-individual variability is accounted for by 
BMI suggests that body size of obese subjects 
was not taken into sufficient consideration in the 
formulae generated from a normal population. 
In other words, it is possible that the 'config
uration of the conductor' should not be con
sidered constant. Moreover a different water 
distribution between the intracellular and extra
cellular water due to the large amount of adipose 
tissue could affect the measurement of body 
impedance. 12 

One of the simplest ways to introduce the size 
and the shape of the subject into the formula, is 
to calculate the body surface area (SA) from 
height and weight using classical prediction for
mulae, such as that described by DuBois and 
DuBois. 13 Furthermore, SA has been already 
reported as a good predictor of TBW in obese 
subjects. 14 Thus, we have attempted to generate 
a predictive formula on our sample where the 
parameter height2 is replaced by the SA calcu
lated using the formula of DuBois and DuBois: 

SA = weight°.425 x height 0.725 x 71.84.13 

Figure 3 shows the regression of the SAl 
impedance parameter against TBW obtained by 
deuterium oxide dilution. The ability of 
bioelectrical impedance to predict total body 
water is improved by including SA (r=0.96). 
The resulting formula that we propose for the 
prediction of TBW from body impedance in 
young obese subjects is: 

TBW (1)= 1.156 x [SA (cm2)/body 
impedance(Q)] - 2.36 
(r=0.96; s.e.e.=O.4I) 

The 95% interval of confidence of the slope of 
the regression line is between 0.98 and 1.38. 

v. 

! • , 



adults is strongly age dependent. Elir J Chin Nulr 
44, 261-268. 

12 Deurenberg, P., Kooy, K., Lcencn, R. & Schoutcn, 
F. (1989): Body impedancc is largely dependcnt on 
the intra and extra-ccllular watcr distribution. Ellr 
J Clin NlIIl' 43, 845-853. 
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13 DuBois, D. & DuBois, E.F. (1916): A formula to 
cstimate the approximatc surfacc area ifheight and 
wcight be known. Arch Illlem Med 17, 863-871. 

14 Hume, R. & Wcycrs, E. (1971): Relationship be
tween total body water and surface area in normal 
obese subjects. J Clill Palhol 24, 234-238. 
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Figure 3 Regression of SA/impedance vs. TBW by 
deuterium oxide dilution. 

This formula, as with all predictive formulae, 
must be cross-validated, but the utilization of 
the parameter SA/impedance to predict TBW 
from body impedance seems to provide a more 
realistic estimate of TBW than the height21 
impedance parameter in young obese subjects. It 
is possible that the relationship between height21 
impedance, weight and TBW is not simple in 
obese subjects and should be described using 
transformed (anthropometrical) parameters 
such as those used in the prediction of surface 
area. Another point is that we could consider an 
obese subject as a system of two (or more) 
different resistors 'in parallel': the lean body 
mass and the adipose tissue. each with different 
resistance and electrical characteristics. In this 
case, neither the simple height2/impedance vari
able, nor the inclusion of more additional vari
ables (weight, age, height etc.) in the prediction 
formula would be sufficient for the description of 
the electrical flow. 

In other words, even after introducing the 
parameter height2/impedance derived from a 
rearrangement of Ohm's law, the body surface 
area in obese people could better describe the 
current flow across the body than height2

• In 
conclusion. the improvement in the predictive 
capacity of body impedance in our sample of 
young obese subjects can be explained by the fact 
that previously published formulae were gener
ated using the parameter height2 limpedance on 
the assumption of a constant conductor config
uration. The utilization of body surface areal 
impedance as parameter for the prediction of 

TBW seems to overcome this assumption. More 
studies and a cross-validation, are needed to 
confirm this hypothesis. 

Our data confirm that body impedance can be 
considered a valid alternative to deuterium ox
ide dilution for the assessment of TBW in 
pediatric populations, even though to be reliable 
its use in obese subjects requires specifically 
designed prediction formulae. 
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